We investigate the decay properties of the quark-antiquark (cc)system using NRQCD formalism. The basic parameters for the decay of the cc states are obtained from phenomenological potential scheme of the type V (r) = − α c r +Ar ν , with ν varying from 0.5 to 2, which is employed to fit the low lying spectra. The resultant wave function and mass parameters are employed to determine the decay constants f P/V with and without QCD corrections. By incorporating the relativistic corrections of order v 4 to the heavy quarkonium decays into two photons, and the vector state into lepton pairs are computed within the NRQCD formalism. These decay widths are also investigated by incorporating radiative corrections up to the lowest order to the conventional Van Royen-Weisskopf formula. Our theoretical predictions of the decays of the cc meson for the potential index around 0.7 are comparable with other model predictions and with the experimental values.
INTRODUCTION
Heavy quarkonia have a rich spectroscopy with many narrow states lying under the threshold of open flavour production [1] . The success of theoretical model predictions with experiments can provide important information about the quark-antiquark interactions. Such information is of great interest, as it is not possible to obtain the QQ potential starting from the basic principle of the quantum chromodynamics (QCD) at the hadronic scale. In this scale it is necessary to account for non-perturbative effects connected with complicated structure of QCD vacuum. All this lead to a theoretical uncertainty in the QQ potential at large and intermediate distances. It is just in this region of large and intermediate distances that most of the basic hadron resonances are formed. Among many theoretical attempts or approaches to explain the hadron properties based on its quark structure very few were successful in predicting the hadronic properties starting from mass spectra to decay widths. For the mass predictions, the nonrelativistic potential models [2, 3, 4, 5, 6, 7, 8] and the relativistic approaches [10, 11] etc.,were successful at the heavy flavour sectors while the Bethe-Salpeter approach under harmonic confinement [9] was successful at low flavour sector. Some potential models have also predicted the masses and various decays of the heavy-heavy mesons which are in fair agreement with the experimental results [12, 13, 14, 15, 16, 17, 18, 19, 20, 22] . A comprehensive review of developments in heavy quarkonium physics is available in ref [23] .
The decay rates of the heavy-quarkonium states into light hadrons and into photons and pairs of leptons are among the earliest applications of perturbative quantum chromodynamics (QCD) [24, 25] . In these analysis, it was assumed that the decay rates of the meson factored into a short-distance part that is related to the annihilation rate of the heavy quark and antiquark, and long-distance factor containing all nonperturbative effects of the QCD [26, 27, 28] .
In this context, NRQCD formalism [29, 30] provides nonperturbative definitions of the long-distance factors in terms of matrix elements of NRQCD, making it possible to evaluate them in the numerical lattice calculations. Analyzing S-wave decays within this frame work, it recover, at leading order in v 2 , standard factorization formulae, which contain a single nonperturbative parameter. At next to leading order in v 2 , the decay rates satisfy a more general factorization formula, which contain two additional independent nonperturbative matrix elements related to their radial wave functions. NRQCD not only organize calculation of all orders in α s , but also elaborate systematically the relativistic corrections to the conventional formula.
In this paper we deduce the basic parameters of the mesonic states by fitting the masses of the few low lying cc states based on a phenomenological potential frame work described through the potential V (r) = − α c r + Ar ν , with ν varying from 0.5 to 2. The resultant parameters are employed to compute the the decay constants as well as the di-gamma and di-lepton decay widths of the cc states in the NRQCD formalism as well as with the conventional Van Royen-Weisskopf formula with and without the radiative corrections.
THE PHENOMENOLOGICAL POTENTIAL FRAMEWORK
For the study of heavy-heavy bound state systems we consider a nonrelativistic Hamiltonian and a general power potential with colour coulomb term of the form
as the static quark-antiquark interaction potential (CPP ν ). Here, for the study of mesons, α c = 4 3 α s , α s being the strong running coupling constant, A is the potential parameter and ν is a general power. We have taken the quark mass parameter m c =1.31 GeV and α c = 0.4 from ref [18, 19, 20, 21] . Spin average masses are computed from the experimental masses of the pseudoscalar and vector mesons using the relation,
The ground state center of weight mass of the cc system, 3.068 GeV is used to fit the potential parameter, A. We treat the spin-dependent part of the usual one gluon exchange potential (OGEP) between the quark antiquark for computing the hyperfine shifting of the low-lying S-states perturbatively with the spin-spin interaction given by [31] V S Q · SQ (r) = 8 9
The value of the radial wave function R(0) for 0 − + and 1 −− states would be different due to their spin dependent hyperfine interaction. The spin hyperfine interaction of the heavy flavour mesons are small and this can cause a small shift in the value of the wave function at the origin [21] . Making use of the resultant radial wave function for the cc states, we compute the decay constants of pseudoscalar and vector mesons using the relation [32, 33] ,
WhereC 2 (α s ) is the QCD correction factor given byC 2 
The computed decay constants are listed in Table- 1.
DECAY RATES
We study the decay of 1 S 0 quarkonium into gamma pairs and the decay of 3 S 1 into leptons pairs based on NRQCD formalism [29] . NRQCD factorization expressions for the decay rates of quarkonium and decay into light hadrons are given by [30] . NRQCD consists of a nonrelativistic Schrodinger field theory for the heavy quark and antiquark that is coupled to the usual relativistic field theory for light quarks and gluons. It is expected that the NRQCD formalism has all the corrective contributions for the right predictions of the decay rates and are given by 
The short distance coefficients F's and G's of the order of α 2 s and α 3 s are given by ref [30] F γγ (
and the matrix elements that contributes to the decay rates of the S wave states into η Q → γγ and ψ → e + e − through next-to-leading order in v 2 , the vacuum-saturation approximation given by ref [29] . Details of the calculations are nicely explained in ref [21] . The calculation of the decay rates is also performed using the conventional Van Royen-Weisskopf formula and with radiative correction for comparison. Accordingly, the two photon decay width of the pseudoscalar meson is given by [19] 
Where
and 
where
Γ R , is the radiative correction. Formula and the input parameters are taken from refs [21, 38, 37] .
CONCLUSION AND DISCUSSION
In this paper, we have made a comprehensive study of the heavy-heavy flavour mesonic systems in the general frame work of potential models. The potential model parameters and the masses of the charmed quark obtained from the respective quarkonia mass predictions have been employed to study their decay properties in the frame work of NRQCD formalism. The weak decay constants of the pseudoscalar ( f P ) and the vector meson ( f V ) computed in the paper is found to be in-accordance with the recent predictions of ref [36] . Masses of the pseudoscalar and vector mesons and the values of the radial wave function at the origin for cc systems is computed in columb plus power potential. The respective decay constants ( f P , f V ) are computed with and without QCD corrections. Using the predicted masses and radial wave functions at the origin, the di-gamma and di-leptonic decay widths are obtained.
The predicted values of decay constants, di-gamma and di-leptonic widths using the NRQCD formalism are consistent and are are in the good agreement of the other theoretical as well as the experimental results for the potential index around 0.7 as against the one expected from the Cornell like potential described by the potential index ν=1.0.
